Abstract. First comprehensive studies of the radionuclides' concentration and its composition in Estonian ground water began in 1990s. It was quickly realized that the activity concentration of 226 Ra and 228 Ra in Cambrian-Vendian (Cm-V) aquifer are the highest contributors to the total indicative dose (TID). About 22% of the population in Estonia uses Cm-V ground water for drinking water supply. In recent study [1] , it was concluded, that about 91% of Cm-V aquifer consumers (20% of the Estonian population) obtain higher TID doses (TID exceeding 0.1 mSv/y) than set by European Commission and national regulations. Over the years, a good representation level by the number of measured samples for 226 Ra and 228 Ra from Cm-V aquifer has been obtained. However, for other widely used aquifers -Ordovician-Cambrian, SilurianOrdovician and Devonian -only poor data is available. In several southern counties, only few percent of the water supplies have been surveyed. Data for other natural radionuclides ( 234,238 U, 210 Po and 210 Pb) is also poor. Scarce data has been partly due to the lack of analysis techniques available in Estonian nuclear analysis laboratories. This has been the motivation in the development of gamma spectrometric and liquid scintillation (LSC) counting techniques for ground and drinking water applications.
INTRODUCTION
In Estonia, more intensively utilized aquifers are Quaternary (Q), Silurian (S), Ordovician (O), SilurianOrdovician (S-O), Ordovician-Cambrian (O-Cm) and Cambrian-Vendian (Cm-V) aquifer [2] . The Cambrian-Vendian aquifer system of the Baltic Basin is the major source of public water supply in North and North-East Estonia at the northernmost margin of the basin. Cambrian-Vendian groundwater covers about 75% in North and North-East and nearly 50% in North-West Estonia of the total groundwater use in the area [3] . In the eastern part of the Cm-V aquifer system, the Ediacaran clays of the Kotlin formation divide the system into two aquifers with different chemical and isotope compositions: Voronka (the upper) and Gdov (the lower) [4] .
Majority of the knowledge on ground water radioactivity has been obtained during the last two decades. Main focus has been on Cm-V aquifer system which is known to be rich in 226 Ra and 226 Ra concentrations. In 2005, a first summarizing investigation [5] concerning the radiological impact of ground water on the total dose estimate based on the existing data was made. It concluded that according to the existing data, approximately 230 000 inhabitants consume water originating from Cm-V aquifer. Approximately 184 000 inhabitants (14% of the Estonian population) within 41 municipalities and towns from the northern region of the country consume ground water with higher total indicative doses (TID) than set by national and European Commission regulation.
In 2009, another comprehensive study, Estonian-Italian Twinning project "Estimation of concentrations of radionuclides in Estonian ground waters and related health risks" [1] based on the existing data was carried out. According to the study, totally 225 000 inhabitants (20% of the total population) consume drinking water higher than recommended limit 0.1 mSv/y, of which a vast majority of the population is Cm-V aquifer consumers. The project also concluded that there is not enough data concerning the radioactivity available for the ground water other than Cm-V aquifer system. As a consequence of the Twinning light project, in 2010, a new 2-years program was initiated by the national Health Board in order to extend the database and knowledge from the aquifers other than Cm-V. More than 200 samples will be collected and measured for 226 Ra and 228 Ra activity concentrations of Middle and south Estonia.
The scope of this paper is to provide concise overview on existing, publicly available radiological data concerning the ground waters and introduce the measurement techniques used or currently under development at the institute of Physics, University of Tartu.
PRESENCE OF RADIONUCLIDES IN ESTONIAN GROUND WATERS
An attempt to compile a database based on all publicly available measurements of radionuclides in Estonian ground water has been made. + . Forty four additional samples have been measured by the Institute of Physics within 2009-2011, but are not included yet to the database due to incomplete information on location of the sampling point and type of aquifer information. However, these results have been used in applicability study [6] of gross and activity measurements in case of high Ra activity concentrations in the background of 40 K. As seen from There is much less data available for 234 U and 238 U. In Table 3 , 234 U and 238 U results are presented. Clearly, 234 U activity concentrations are higher than 238 U in all the aquifers. This increased concentration has been explained by increased dissolution helped by the recoil process [7] of the parent nuclide 238 U. According to Ref. 8, U and Ra dissolution and precipitation occur at different geochemical conditions. Therefore, high U values may not be expected in Cm-V, V2gd, V2vr and O-Cm aquifers.
Comparison of Tables 2 and 3 may have some indication to the negative correlation between Ra and U. However, more data is needed to make any further conclusions. In Figure 1 , a correlation between 226 Ra and 228 Ra from Cm-V aquifer system is presented. According to the literature [9] the correlation cannot explicitly be assumed due to the origin from different natural families ( 238 U and 232 Th). However, weak, but statistically significant correlation (R 2 = 0.4206, Slope = 0.7149, intercept = 0.1485) has been found. This is somewhat lower than found in the final report of the Twinning project (R 2 = 0.536) [1] . Since the report does not describe explicitly the database used, the reasons for the discrepancy cannot be studied. In order to understand the difference, both databases should be compared. In addition to the correlation between Ra isotopes, the Twinning project made correlation studies between Ra and chemical parameters. For example, linear regression analysis indicated strong correlation (R 2 = 0.802) between 228 Ra activity concentrations and water mineralization. A weaker relation (R 2 = 0.590) was found between mineralization and 226 Ra. 
MEASUREMENT TECHNIQUES AND PROCEDURES

Gamma-ray spectrometry
A gammaspectometrical nuclide specific procedure was used to obtain 226 Ra, 228 Ra and 40 K activity concentrations. About 3 liters of water was used for the sample preparation. The water samples were first acidified with concentrated nitric acid to pH 1. . . 2. Then the water was evaporated to dryness, and residue was put into an aluminum can. To obtain the same geometry for all the samples the residue was mixed with 5 g of Epoxy resin into a homogeneous mass. After about 2 hours of drying the can was hermetically sealed. Measurements were made with a coaxial HPGe gamma-ray spectrometer GEM-35200 (manufacturer EG&G ORTEC; relative efficiency 42%; resolution 1.75 keV at 1.3 MeV). To achieve better statistics the duration of each measurement was about 24 hours. Typically, one sample was measured three times. The last measurement was done about 3 weeks after the sealing of the sample to allow the ingrowth of 222 Rn and its short lived progeny. The spectra were analyzed with a GammaVision software (manufacturer EG&G ORTEC; version 6.07). The sample was measured on a portable LSC-counter Hidex Triathler. Measurement time ranged from 10 to 24 hours depending on the activity of the sample. Blank sample has been prepared using distilled water in described procedure.
Uranium procedure
Water samples were acidified with concentrated nitric acid to pH1 . . . 2. The procedure is based on extracting uranium from water into the scintillation cocktail phase with adding a complexing agent bis(2-ethylhexyl)phosphoric acid (HDEHP) to it [11] . 300 l of HDEHP was used per 5 ml of Betaplate Scint cocktail. The amount of water used ranged from 25 ml to 100 ml. Betaplate Scint, HDEHP and the water was mixed in a separation funnel. The system was shaken vigorously for about one minute. Then the phases were let to separate for about one hour. After that the water phase was removed and about 3 ml of the cocktail phase was pipetted into a LSC-vial. Before sealing the sample, argon was bubbled through the cocktail phase for two minutes to remove radon.
The sample was measured on a portable LSC-counter Triathler. Measurement time ranged from 10 to 24 hours depending on the activity of the sample. The yield determination for the procedure has not yet in place.
Gross alpha/beta procedure
Water samples were acidified with concentrated nitric acid to pH1 . . . 2. 20 ml of the sample was pipetted into a LSC-vial and evaporated under an infrared lamp to 8 ml. 12 ml of AquaLight cocktail was added. Residual radon was removed. 20 ml glass vials with teflon coated caps were used.
The sample was measured on a portable LSC-counter Triathler after keeping the vial in darkness for 1 hour. Extra shielding was used to minimize the background noise -lead bricks of 10 cm from bottom, 8 cm from the sides and 4 cm from top. Measurement time ranged from 10 to 24 hours depending on the activity of the sample.
CONCLUSIONS
Database on radionuclides concentration in ground water based on the measurement results from 1990-2010 has been collected. Majority of the data are activity concentrations of 226 Ra and 228 Ra in Cm-V, Gdov and Voronka aquifers. Some data exist for O-Cm, O, S and D2 aquifers. Existing data on U, 210 Pb and 210 Po suggest, that they are not major contributors to TID in drinking water originating from Cm-V aquifer, but should not be discarded before the database has been further extended. The quality of the data should be improved as much as possible by associating specific measurements with specific analysing laboratories and the analysing techniques used.
Gammaspectrometry has been applied on water samples for 226 Ra and 228 Ra measurements. The main advantage of the procedure is its robustness. It is not sensitive to the pH of the water sample. Because no chemical separation is made, all gamma emitting isotopes can be detected. However, the main drawback of the procedure is high time consumption. The technique is currently under preparation for accreditation by the end of 2011.
LSC-techniques for 226 Ra, 210 Po and U are currently in different phases under development.
